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摘要 
钛及钛合金具有高硬度和化学稳定性好的特点使其成为一种难切削的材料，
如何提高其表面质量一直是传统和尖端制造产业中亟待完善的问题。在众多的加
工技术中，电化学表面加工技术以其独特的优势，已然成为制造产业中加工钛及
钛合金的重要方法之一。电化学抛光和电化学微加工是钛电化学表面加工技术的
重要组成部分，是提高钛及钛合金表面性能的有效途径。然而，在众多传统电化
学抛光技术中，很难控制钛及钛合金表面液体流场均匀，抛光后表面会留下流痕。 
本论文中，在电化学抛光和电化学微加工基础上，将机械运动加工和电化学
阳极溶解有机地结合起来，运用机械运动耦合电化学抛光和电化学机械微加工的
方法加工钛及钛合金表面。其主要研究结果如下：  
（1）提出了机械运动耦合电化学抛光新方法。该方法是利用阳极溶解出钛
及钛合金本体金属，同时运用工件的机械耦合运动不断更新对流层的溶液，从而
使金属表面黏液膜分布均匀，改善电势分布、物质传递和物料平衡。 
（2）基于机械运动耦合电化学抛光原理，研究了机械运动速度对电化学抛
光的影响效果。优化实验条件得到光亮平整、无划痕或纹路、表面粗糙度达
1.88nm 的钛合金工件，并采用机械运动耦合电化学抛光方法抛光一维钛丝，取
得了良好的抛光效果。 
（3）运用机械运动耦合脉冲电解微加工的技术，使用直径为 50μm Pt 针尖
电极作加工刀具，在抛光后的 TC4 合金表面上加工微阵列和沟槽结构。表明该
方法可与传统机械方法相结合，以电解方法实现机械加工作业。  
 
关键词：钛及钛合金；机械运动耦合电化学抛光；电化学机械微加工；一维抛光  
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Abstract  
Both titanium and its alloy are kinds of material which is difficult to machining 
because of their high hardness and chemical stability. How to improve the surface 
quality of titanium and its alloy is always an urgent problem that needs to be solved in 
the traditional & advanced manufacturing industry. Among numerous machining 
technologies, electrochemical surface machining technology of titanium and its alloy 
has unique advantages and it becomes one of an important machining methods in the 
manufacturing industry. Electrochemical polishing and electrochemical 
micromachining are important parts of Titanium electrochemical surface machining 
technology, these are effective ways to improve surface properties of titanium and its 
alloy. However, the hydrodynamic fields caused by traditional electrochemical 
polishing technique are difficult to control uniformly and, therefore, leave streamlines 
on the large-area workpiece surface.  
In this thesis, on the basis of electrochemical polishing and electrochemical 
micromachining, our team combined mechanical motion machining with 
electrochemical anodic dissolution, applied mechanical motion coupled 
electrochemical polishing and electrochemical mechanical micromachining method to the 
surface microstructure of titanium alloy. The main researching results are as follows: 
 (1) Our team proposed a new electrochemical polishing method which is called 
mechanical motion coupled electrochemical polishing. This method uses anodic 
dissolution to produce the base metal of Titanium and its alloy ions, meanwhile using 
mechanical coupling motion to update the solution of troposphere so that making the 
surface mucous membrane thinner and improving electric potential distribution, mass 
transfer and material balance.  
(2) Based on the theory of mechanical motion coupled electrochemical polishing, 
we also studied how the rate of mechanical motion affects electrochemical polishing. 
By optimizing the experimental conditions, we get a bright, smooth and surface 
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roughness of which is 1.88 nm titanium alloy workpiece with no scratches or lines on 
it. We used the method of mechanical motion coupled electrochemical polishing to 
polish one-dimensional titanium wire and it turned out to achieve a good polishing 
effect. 
(3) Through mechanical motion coupled pulse electrochemical micromachining 
technology, we used a diameter of 50μm Pt tip electrode machined the surface of TC4 
alloy after polishing and achieved lattice and micro groove structure. Testified that this 
method can be combined with traditional mechanical method, which can realize the 
electrolytic way of mechanical work. 
 
Key words: titanium and titanium alloy; Mechanical motion coupled electrochemical 
polishing; Electrochemical mechanical micromachining; one-dimensional polishing 
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